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ABSTRACT
Spe cimen s of Tatera leucoguster from six localities in Bot swana were tested for
variat ion with age, secondary sexual variation, and individual variati on . Of the six age
classes recognized , categores I, II , and III each formed the ir own group, whereas cat -
egories IV, V, and VI were not sepa rable on a morphometric basis and were con sidered
to be adulls. Significant secondary sexual variation was found only in depth of braincase
in which females were larger. The only cha racter exhibiting unusually high individual
variation was length of poste rior palatal foramen . All other charac ters exh ibited indi-
vidual variation within acceptable limits.
INTRODUCTION
Gerbils of the genus Tatera are members of the rodent subfamily
Gerbillinae, which now generally is placed in the Cricetidae . The geo-
graphic range of the genus includes subsaharan Africa and eastern
Syria and southwestern Turkey across Southwest Asia to the Indian
I Perm anent address : Kaffrari an Museum , King William' s Town 5600, Republi c of South
Africa .
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subcontinent. Wroughton (1906), in his early revision of African Ta-
tera , separated the specie s only on a geographical basis. Later, Hinton
and Kershaw (1920) were able to separate northeastern African Tatera
into two species-groups based on various trenchant characteristics .
Sub sequently, Roberts (1929) separated South African species into the
same basic species-group s.
Ellerman (1941) divided the African Tatera into five provi sional
groups and admitted an urgent need for a generic revision. Davis (1949)
attempted to analyze the affinities of the southern African species,
although he con sidered all African species , and concluded that there
were four species in southern Africa and that these were separable
into the same two specie s-groups of earlier authors . His arrangement
was further refined in a series of papers (Marcus et aI., 1960; Davis,
1962, 1965, 1966, 1974, and 1975). Davis (1966) drew attention to the
fact that diagnostic characters did not always hold true in separating
various species of Tatera . He pointed out that it was much easier to
separate coexisting species but that, because of the poorly understood
geographic variation in any given species, the relation ships of speci-
mens from more than one area were difficult to comprehend with cer-
tainty.
The current study was undertaken in order to better understand
nongeographic morphometric variation within one species of southern
African Tatera . Specimen s identifiable as T. leucogaster, based on
Davis (1966) and Smithers (1971), were studied. Based on the results
of this preliminary study, the senior author plan s a detailed revision
of all southern African species of this genu s.
M ATERI AL S AN D METHODS
In the course of this study , 288 specimens of Tatera leucogaster from six localities
in Botswana were examined (see Fig. 1 and Gazett eer). All specimens consisted of
co nventional museum skins and skulls. The specimens from these localit ies in Botswana,
all from west of the Okavango River and Swamp , were group ed for statistical analysis.
Four external and 16 cranial measurements were recorded from most specimens ex-
amined. External measurements were obtained from the labels of spec imens prepared
as standard museum skins, whereas cra nial measurement s were taken by means of dial
ca lipers .
Cranial measurements are defined below.
Greatest length of skull.- Greates t distance from the anterior most projection of the
nasal bones to the posteriorrnost portion of the occipital bone.
Condylobasal length.-Greatest distance from anterior surface of the premaxilla pro-
truding from between the incisors to the posteriorrnost portion of the occipital condyles.
Zygomatic breadth.-Greatest width across zygomatic arches , measur ed at right angle
to longitudinal axis of cranium.
Braincase breadth .-Greatest width across braincase measure d at right angle to lon-
gitudin al axis of cranium.
Int erorbital breadth .-Least width across interorbital constrict ion at right angle to
longitud inal axis of cra nium.
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Fig. I.-Map of Africa showing general distribution of Tatera leucogaster. Localities
from which specimens were examined are shown in insert of Botswana.
Length of nasals .-Greatest distance from anteriormost projection of nasal bones to
posteriormost projection of nasals along their medial suture.
Breadth of rostrum.-Least width across rostrum immediately anterior to zygomatic
plate.
Oblique length ofbulla.-Greatest oblique length of auditory bulla taken from a point
adjacent to paraoccipital process to anteriormost edge of bulla.
Greatest length of bul/a.-Greatest oblique length of bulla taken from posterior edge
of mastoidal bulla to anteriormost edge of auditory bulla.
Length of maxillary toothrow.-Least distance from anterior lip of alveolus of M' to
posterior lip of alveolus of M3.
Breadth across upper molars.-Least distance, measured at right angle to longitudinal
axis of cranium, from labial side of crowns of one maxillary toothrow to labial side of
other toothrow.
Length ofanterior palatalforamen.-Greatest distance from anterior edge to posterior
edge of anterior palatal foramen.
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Fig. 2.- Left maxillary tooth row of Tatera leucogaster illustrating wear patterns for
five age ca tegories. See text for description of age categorie s.
Length of posterior palatal fo ramen .-Greates t distance from anterior edge to pos-
terior edge of posterior palatal foramen .
Length ofdiastema.-Greatest distance from posterior edge of inci sors at premaxilla
to anterior edge of alveo lus of M' .
Depth of braincase.- Skull was placed on a micro scope slide and the least distance
measured from dorsalmost portion of skull to ventralmos t part of slide , thereafter, the
thickness of the slide was subtrac ted from th is value .
Length of mandibular toothrolt'.-Least distance from ante rior lip of alveolus of M,
to poste rior lip of alveolus of M3.
All spec imens were assi gned to one of six age categories (Fig. 2). defined below.
Age Class I_M3 not fully erupted ; ju venile pelage pr esent ; bullae not oss ified; oc-
cipital-sph enoid suture not fused; cran ium domed dorsall y.
Age Class II_M3 fully erupted ; no noticeable wear on occlusa l surfaces of upper
molar s ; bullae not completely ossified ; occipital-sphenoid suture not
completel y fused .
Age Cla ss III-Occlusal surfaces of upper molars worn ; paracone-p rotocone connec-
tion in M' compl ete ; bullae nearly to completely ossi fied .
Age Class IV-Occlusal surfaces of upper molars worn; anterocone approaching worn
level of paracon e-protocone on M'; M3well worn ; adult pelage present;
supraorbital ridge present; bullae completely oss ified .
Age Class V-Three alternative wear patterns on upper molar s exist : a) mure of M2
lacking, cusps forming a single enamel lake, b) paracone-protocone and
metacone-hypocone connected on M' , form ing single enamel lake, or
c) a combination of a and b; occipital-sphenoid suture completely os-
sified ; supraorb ital ridge developed but skull not rugose .
Age Class VI-Mure of M' and M2lacking , cusps of both molar s each for ming a single
enamel lake , anterocone connected to prot ocone ; skull rug ose; supra-
orbital ridge well-developed.
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Davis (1966) propo sed six age categories for Tatera brantsi based on tooth wear. His
aging criteria differ in the following ways from the one we prop ose: his category I (young
and sub adult s) encompass both our I and II : his II (young adults) corresponds to our
1lI; his 1lI (adults) to our IV; his IV (mature adults) to our V; his V and VI (old adults)
to our VI.
Stati stical analysis was performed on an IBM 360 computer at Carnegie-Mellon Uni-
vers ity . Pittsburgh , Penn sylvania. Univar iate analyses of variatio n with age, seco ndary
sexual variation, and indiv idual variation were performed using the UNIVAR program ,
developed and introduced by Power (1970). Standard statistics (mean, rang e, standa rd
deviation , standard error , variance, and coefficient of variation) are generated by this
program. In the event two or more grou ps are co mpared , a single-clas sification analysis
of variance (ANGVA) is employed to test for significant differences bet ween or among
mean s. When mean s were found to be significantly different , the Sum s of Square s
Simultaneous Test Procedure (SS-STP) (Gabriel, 1964) was used to determine maximally
non-significant subse ts .
For earlier uses of th is procedu re in mamm alian sys tematics, see, among others,
Choate , 1970; Genoways and Jones, 1971, 1972: Birney, 1973: Smith, 1972; and Geno-
ways, 1973.
R ESULTS AND DISC USSION
Three kinds of nongeographic variation are discussed-variation
with age, secondary sexual variation, and individual variation.
Variation with A ge
It is necessar y in the study of geographic varia tion of a taxon to
identify those age categories that represent " adult" animal s-that is,
individuals that have stopped grow ing, or nearly so. Each of the four
external and ]6 cranial characters were tested separately for males and
female s with single classification ANOVA to determine if any of the
means of age categories differed significantly at the .05 level. If the
means were found to be significantly different , SS-STP was used to
find maximally nonsignificant subset s (Table 1).
Because of small sample sizes , age category VI in males and age
categories I and VI in female s were not included in SS-STP analyses .
Relevant standard statistics of these age categories , howe ver, are in-
cluded in Table] for comparative purposes.
The only two characters for which no significant differences among
mean s of all age categories were found were length of mandibular
toothrow in both males and females, and length of posterior palatal
foramen in females . In males, the latter showed two broadly overlap-
ping subsets. Nonoverlapping subsets of ages II , III, and IV and V
were found in three characters for both sexes (condylobasal length,
breadth across upper molars, and length of diastema) and in nine ad-
ditional characters for females only (total length , length of tail, greatest
length of skull, zygomatic breadth , length of nasals , oblique length of
bulla , greate st length of bulla, length of anterior palatal foramen , depth
of brain case). Age categories I and II formed a subset that differed
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Table 1.-Variation with age in external and cranial measurements of Tatera
leucogaster from six localities in Botswana. Statistics given are sample size, mean,
two standard errors of the mean, range, coefficient of variation, F-value, critical
F-value, and results ofSS-STP analysis showing nonsignificant subsets. Age categories,
studied within each sex with analysis of variance, are listed in decreasing order with
the largest mean first. Age categories VI for males and I and VI for females were
not analyzed but their values are listed for comparative purposes. Groups of means
that were found to be not significantly different at the 5% level are marked ns.
Sex and
age classes
Male
V
IV
III
II
I
VI
Female
V
IV
III
II
VI
I
Male
V
IV
III
II
I
VI
Female
V
IV
III
II
VI
I
N
8
11
28
37
8
2
10
22
39
30
4
3
8
11
28
37
8
2
10
22
39
30
4
3
Mean ± 2 SE
295.5 ± 6.72
283.5 ± 7.66
264.1 ± 7.18
245.7 ± 7.89
196.5 ± 8.48
294.5 ± 1.00
298.7 ± 7.68
291.9 ± 4.06
267.3 ± 6.67
247.9 ± 8.71
305.5 ± 13.70
208.7 ± 19.23
158.0 ± 4.17
150.2 ± 4.73
137.8 ± 4.53
128.2 ± 4.44
101.6 ± 4.05
151.0 ± 2.00
158.3 ± 6.01
154.3 ± 3.16
141.6 ± 4.02
130.1 ± 5.30
161.5 ± 9.88
III.3 ± 15.68
Range
Total length
28~310
266-306
235-303
197-289
189-220
294-295
282-321
277-316
225-308
193-286
298-326
1~222
Length of tail
145-164
14~162
113-159
101-155
94-111
15~152
143-173
14~169
116-165
94-155
151-174
97-124
Cy
3.2
4.5
7.2
9.8
6.1
0.2
4.1
3.3
7.8
9.6
4.5
8.0
3.7
5.2
8.7
10.5
5.6
0.9
6.0
4.8
8.9
11.2
6.1
12.2
F,
F
35.42
2.49
30.12
2.71
33.03
2.49
23.41
2.71
Results
SS-STP
Length of hindfoot
Male
IV
III
V
II
I
VI
13
28
10
37
8
2
35.5 ± 0.84
35.1 ± 0.41
35.0 ± 0.67
34.2 ± 0.52
31.6 ± 0.65
35.5 ± 1.00
33-38
33-37
34-37
31-37
3~33
35-36
4.2
3.1
3.0
4.7
2.9
2.0
13.01
2.49
F.ti'E.cCCcc=S~=====""""'"",",,""""== ====-"""''''''''''''''' _
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Table 1.-(Continued)
Sex and F, Results
age classes N Mean ± 2 SE Range CV F SS·STP
Fem ale
III 39 35.2 ± 0.34 32-37 3.0 3.10
IV 26 35.0 ± 0.49 33-38 3.6 2.70
V II 34.8 ± 0.75 33-36 3.6
II 31 34.2 ± 0.61 3()""37 4.9
VI 4 35.3 ± 0.96 34-36 2.7
I 3 32.7 ± 1.33 32-34 3.5
L ength of ear
Male
V 10 21.6 ± 0.68 2()""23 5.0 14.92
IV 13 21.2 ± 0.46 2()""23 3.9 2.49
III 28 21.1 ± 0.37 2()""23 4.6
II 36 20.5 ± 0.35 19-24 5.2
I 8 18.5 ± 0.53 17-1 9 4.1
VI 2 22.0 ± 4.00 2()""24 12.9
Female
V II 21.8 ± 0.70 2()""23 5.4 7.55
IV 25 21.7 ± 0.49 19-24 5.6 2.70
III 39 21.1 ± 0.28 19-23 4.2
II 31 20.5 ± 0.40 17-22 5.5
VI 4 22.5 ± 1.90 21-25 8.5
I 3 18.7 ± 0.67 18--19 3.1
Greatest length of skull
Male
V 6 38.6 ± 0.90 37.2-39.6 2.9 36.55
IV 9 37.7 :!: 0.74 35.9-39.3 2.9 2.54
III 24 36.3 ± 0.59 33.2-39.1 3.9
II 20 33.5 ± 0.68 30.6--36.2 4.6
I 3 30.4 ± 1.01 29.4-31.1 2.9
VI I 39.6
Female
V 5 38.3 ± 0.91 37. ()....39.5 2.6 27.96
IV 18 38.1 ± 0.56 36.()....39 .7 3.1 2.76
III 24 36.0 ± 0.64 32.2- 39.7 4.3
II 19 33.7 ± 0.89 30.()....36 .5 5.8
VI 3 39.7 ± 2. 16 37.6--4 1.2 4.7
I 3 30.8 ± 0.46 30.4-31 .2 1.3
Co ndy lobasal lengtlt
Male
V 9 34.5 ± 0.40 33.6--35.1 1.7 48.36
IV 12 33.5 ± 0.52 31.9-3 4.8 2.7 2.52
III 25 32. 1 ± 0.51 29.3-34.2 4.0
II 26 29.9 ± 0.61 26.3-32.3 5.2
I 4 26.3 ± 0.74 25.6--27.1 2.8
VI I 35.2
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Table I.-(Continu ed)
Sex and F. Results
age classes N Mean e 2 SE Range CV F SS·STP
Fem ale
V 8 34.4 == 0.60 33.1-36.0 2.5 34.02
IV 16 33.9 == 0.54 32.3-35.5 3.2 3.74
III 31 32.2 ± 0.52 28.6--35.9 4.5
II 23 29.8 ± 0.78 26.5--32.3 6.3
VI 4 35.2 ± 0.90 34.0-35.9 2.6
I 3 26.4 ± 0.24 26.2-26 .8 0.8
Zygomatic breadth
Male
V 8 20.0 ± 0.56 18.9--20.8 4.0 18.32
IV IO 19.3 ± 0.56 17.5--20.5 4.6 2.58
III 21 18.8 ± 0.37 16.9--19.9 4.5
II 12 17.9 ± 0.43 16.9--19.0 4.2
I 2 15.2 == 1.20 14.6--15.8 5.6
VI 2 20.1 20.1
Female
V II 19.9 ± 0.27 19.1-20.6 2.3 22.69
IV 20 19.7 == 0.27 18.8--20.6 3.1 2.75
III 23 18.7 ± 0.38 16.7-20.1 4.8
II 15 17.8 == 0.46 16.6--19.7 5.0
VI 3 19.8 ± 0.72 19.1-20 .3 3.2
I 2 16.3 ±·0.40 16.1- 16.5 1.8
Breadth of braincase
Male
V 9 16.2 == 0.24 15.7-16.6 2.2 19.52
IV II 16.1 ± 0.24 15.4-16 .8 2.5 2.5 1
III 30 16.0 == 0.14 15.0-17.0 2.4
II 27 15.4 ± 0.18 14.5--16.0 3.0
I 5 14.7 ± 0.46 14.2-15.3 3.5
VI I 16.2
Female
V IO 16.3 ± 0.23 15.7-16 .9 2.2 16.82
IV 20 16.2 ± 0.18 15.3-17.0 2.5 2.72
III 34 15.9 == 0.10 15.2-16.5 1.9
II 28 15.4 ± 0.25 16.2- 16.6 4.3
VI 4 16.3 ± 0.24 16.1- 16.6 I.5
I 3 14.6 ± 0.41 14.2- 14.9 2.4
Interorbital breadth
Male
IV 16 6.1 ± 0.13 5.6--6.6 4.3 17.83
V II 6.1 ± 0.12 5.7-6.4 3.2 2.46
III 31 6.0 ± 0.11 5.3-6.5 5.0
II 35 5.7 ± 0.09 5.1-6.2 4.7
I 7 5.3 ± 0.11 5. 1- 5.5 2.8
VI 2 6.5 ± 0.30 6.3-6.6 3.3
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Table 1.-(Cont inued )
Sex and F, Resul ts
age classes N Mean ± 2 SE Range CV F SS·STP
Female
V 12 6.2± 0. 13 5.8-6.7 3.8 11.16
IV 28 6.1 ± 0.10 5.4- 6.9 4.4 2.70
III 38 5.9 ± 0.10 5.2- 6.4 5.3
II 34 5.7 ± 0.11 5.2- 6.5 5.4
VI 4 6.3 ± 0.30 5.9-6.6 4.8
I 3 5.3 ± 0.24 5.1-5.5 3.9
Len gth of nasals
Male
V 8 16.4 ± 0.44 15.4-1 7.1 3.8 44.90
IV 13 15.6 ± 0.43 14.3-16. 7 5.0 2.51
111 27 14.8 ± 0.39 13.3-16.7 6.9
II 25 13.4 ± 0.40 11.1-15 .5 7.4
I 7 11.3 ± 0.26 10.9-11.8 3. 1
VI 2 15.8 ± 0.10 15.7-15 .8 0.4
Female
V 10 16.0 ± 0.30 15.1-16 .7 2.9 34.63
IV 26 16.0 ± 0.24 14.8-17.2 3.8 2.73
111 30 14.7 ± 0.43 12.0-16 .5 8.0
II 24 13.4 ± 0.49 11.2-15.9 8.9
VI 3 16.2 ± 1.16 15.1- 17.0 6.2
I 3 11.6 ± 0. 13 11.5-11.7 1.0
Breadth of rostrum
Male
V 10 5.4± 0. 14 5.1-5.7 4.0 31.90
IV 16 5.3 ± 0.13 4.8-5 .7 5.0 2.48
III 31 5.0 ± 0.08 4.3-5.4 4.6
II 37 4.8 ± 0.08 4.4-5.3 4.9
I 8 4.4 ± 0.09 4.3-4.7 2.9
VI 2 5.6 ± 0.40 5.4-5.8 5.1
Female
V 12 5.5 ± 0.14 5. 1--6.0 4.5 43.53
IV 27 5.3 ± 0.05 5.1-5.6 2.6 2.69
III 40 5. 1 ± 0.06 4.8-5.5 3.4
II 34 4.9 ± 0.09 4.3-5.5 5.3
VI 3 5.5 ± 0.07 5.4-5.5 1.1
I 3 4.5 ± 0.16 4.4-4.6 2.2
Oblique length of bulla
Male
V 10 10.9 ± 0.15 10.5-11.2 2:1 38.80
IV 12 10.6 ± 0.20 10.2-11.0 3.3 2.50
III 27 10.3 ± 0.16 9.5-11.2 4.0
II 32 9.7 ± 0.15 8.7-10.3 4.3
I 6 9.0 ± 0.16 8.7-9.2 2.2
VI 2 10.8 ± 0.20 10.7- 10.9 1.3
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Table 1.-(Continued)
Sex and F, Resu lts
age classes N Mean ± 2 SE Range CV F SS·STP
Fema le
IV 23 10.7 ± 0.12 10.0-11.1 2.6 35.08
V 12 10.7 ± 0.23 10.1-11.3 3.7 2.71
III 33 10.3 ± 0.12 9.4-11.0 3.4
II 30 9.8 ± 0. 17 8.7-10.5 4.8
VI 4 10.8 ± 0.22 10.6--11.1 2. 1
I 3 9.1 ± 0.47 9.0-9.3 1.9
Greate st length of bulla
Male
V 8 13.7 ± 0.34 12.7- 14.2 3.5 22.37
IV 8 13.3 ± 0.33 12.7- 14.1 3.5 2.52
]JJ 25 13.2 ± 0.16 12.0-14.1 3.0
II 26 12.6 ± 0. 17 11.5- 13.2 3.5
I 4 11.6 ± 0.35 11.2- 12.0 3.0
VI I 13.5
Female
V 7 13.7 ± 0.25 13.2-14. 1 2.4 18.39
IV 18 13.5 ± 0.16 12.8--14.0 2.6 2.74
III 31 13.0 ± 0.14 11.7-13 .7 3.1
II 24 12.6 ± 0.25 11.1-13.4 4.9
VI 4 13.8 ± 0.26 13.6--14.2 1.9
I 3 12.0 ± 0.18 11.8--12.1 1.3
Le ngth of max illary toothrow
Male
V 9 6.3 ± 0.09 6.2-6.6 2.2 9.09
IV I I 6.1 ± 0.13 5.7-6.4 3.6 2.50
]JJ 30 6.0 ± 0.08 5.7-6.5 3.6
II 31 5.9 ± 0.07 5.5-6.3 3.4
I 7 5.8 ± 0. 18 5.5-6.2 4.1
VI 2 6.4 ± 0.10 6.3-6.4 1.1
Female
V 12 6.3 ± 0.20 5.7-6.8 5.5 12.46
IV 26 6.3 ± 0.07 5.8--6.6 2.9 2.71
]JJ 36 6.1 ± 0.06 5.7-6.6 2.7
II 30 6.0 ± 0.08 5.5-6 .4 3.8
VI 2 6.5 ± 0.30 6.3-6.6 3.3
I 3 5.9 ± 0.12 5.8--6.0 1.7
Breadth across upper molars
Male
V 9 8.1 ± 0.19 7.4--8.3 3.5 32.18
IV 12 7.7 ± 0.24 6.8--8.3 5.3 2.50
]JJ 30 7.3 ± 0.11 6.7-7 .8 4.0
II 33 7.0 ± 0.09 6.4--7.6 3.8
I 7 6.8 ± 0.16 6.6--7.1 3.1
VI 2 8.2 ± 0.30 8.0-8.3 2.6
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Table I.-{ Continued)
Sex and F, Results
age classes N Mean:!: 2 SE Range CV F SS-STP
Female
V 12 8.0 ± 0.22 7.2-8 .6 4.8 56.65
IV 26 8.0 ± 0.10 7.5-8.6 3.3 2.71
III 36 7.4 ±0.1I 6.6-8 .1 4.6
II 29 7. 1 ±0.09 6.7-7 .5 3.3
VI 2 8.5 ± 0.40 8.3-8 .7 3.3
I 3 6.7 ± 0.07 6.6-6.7 0.9
Length of ant erior palatal f oram en
Male
V 10 7.3 ± 0.25 6.8-8 .1 5.5 36.60
IV 16 7.0 ± 0.14 6.3-7.4 4.1 2.48
III 29 6.7 ± 0.19 5.7-7 .5 7.7
II 36 6.2 ± 0.16 5.3-7.3 7.9
I 8 5.1 ± 0.20 4.8-5 .5 5.6
VI 2 7.0 ± 0.60 6.7-7.3 6.1
Female
V 12 7.2 ± 0.18 6.9-7.8 4.4 32.23
IV 28 7.1 ± 0.11 6.7-7.7 4.0 2.69
III 40 6.7 ±0. 12 5.8-7 .5 5.5
II 33 6.3 ± 0.17 5.2-7.3 7.8
VI 3 7.4 ± 0.31 7.1-7.6 3.6
I 3 5.4 ± 0.29 5.1-5 .6 4.7
L ength of posterior palatal foram en
Male
V 9 1.7 ± 0.19 1.3-2 .2 16.9 2.82
III 27 1.6 ± 0.12 1.0-2 .5 18.7 2.50
IV 14 1.6 ± 0.17 1.2-2 .4 19.5
II 31 1.5 ± 0.10 1.1-2 .1 18.7
I 6 1.3 ± 0.13 1.0-1.4 11.9
VI 1 1.4
Fema le
V 12 1.7 ±0.14 1.5-2.2 14.0 2.53 ns
III 37 1.6 ± 0.10 0.9-2 .1 18.1 2.71
IV 23 1.6 ± 0.11 I. 1-2.2 16.5
II 28 1.5 ± 0.11 1.0- 2.5 20.0
VI 3 1.5 ± 0.18 1.3-1.6 10.4
I 2 1.5 ± 0.30 1.3-1.6 14.6
Length of diastema
Male
V 10 9.6 ± 0.23 9.1-10 .1 3.7 48.80
IV 15 9.4 ± 0.18 8.7-10.0 3.8 2.48
III 30 8.7 ± 0.22 7.5-9 .7 7.0
II 38 8.0 ± 0.19 6.7-9.0 7.4
I 8 6.9 :!: 0.21 6.5-7.3 4.2
VI 2 10.2 ± 0.30 10.0-10.3 2.1
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Table I.-(Continu ed)
Sex and F. Resu lts
age classes N Mean :t 2 SE Range CV F SS·STP
Fe male
V 12 9.7 :t 0.21 9.2-10.4 3.8 45.00
IV 28 9.4 ± 0.12 8.8-10.0 3.4 2.70
III 38 8.8 ± 0. 18 7.&-9.7 6.3
II 33 8.1 :t 0.21 7.0-9.1 7.5
VI 4 10.1 :t 0.64 9.5-10.5 4.5
I 3 6.8 :t 0.42 6.7-7 .0 2.2
Depth of braincase
Male
V 9 15.3 ± 0.22 14.9-15.8 2.2 18.37
IV 10 15.3 :t 0.39 14.4-16. 2 4.1 2.52
III 25 15.0 ± 0.24 13.7-16.0 3.9
II 26 14.3 :t 0.21 13.2- 15.3 3.8
1 4 13.3 :t 0.37 12.9-1 3.7 2.8
VI 1 15.7
Female
IV 17 15.7 :t 0. 19 14.7-16.4 2.5 25.76
V 9 15.6 :t 0.23 14.8-16 .0 2.2 2.73
III 32 15.0 ± 0.18 13.5-16 .2 3.4
II 26 14.3 :t 0.28 12.8-15.3 4.9
VI 4 16.0 ± 0.19 15.9-16. 3 1.2
I 3 13.2 ± 0.29 12.9-13.4 1.9
Length of mandibular toothro....
Male
V 9 5.9 ± 0.10 5.&-6.2 2.6 0.40 ns
IV 11 5.8 ± 0.15 5.2-6.3 5.0 2.76
III 30 5.8 :t 0.05 5.5-6.1 2.6
II 31 5.8 :t 0.08 5.3-6 .4 4.0
I 7 5.8 :t 0.32 5.4-6. 1 6.2
VI 2 6.1 :t 0.20 6.0-6 .2 2.3
Female
V 12 6.0 ± 0. 14 5.&-6.6 4.2 2.04 ns
IV 24 5.9 :t0. 11 5.5-6 .6 4.4 2.71
III 36 5.9 :t 0.07 5.5-6.3 3.5
II 32 5.8 :t 0.08 5.4-6.3 3.7
VI 4 6.0 ± 0.14 5.9-6.2 2.4
1 3 5.7 ± 0.47 5.&-5.9 3.0
significantly from a subset formed by ages III to V in breadth of brain-
case for males. Non overlapping subs ets of I and II , III, and IV and V
were exhibited by breadth across upper molars for males. Nonover-
lapping subsets of I , II , and III to V were found in three characters
for males (interorbital breadth, length of bulla , and depth of braincase).
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Nonoverlapping subsets of 11 and III, and IV and V were exhibited for
females by interorbital breadth and length of maxillary toothrow. In
only breadth of rostrum for females, of all characters tested, was a sig-
nificant difference found between age categories IV and V. The means
of age categories IV, V, and VI were found not to be largest in only
two cases (length of hindfoot and length of posterior palatal foramen,
for both males and females). Age category I was found to be the small-
est in all characters tested. Only in length of posterior palatal foramen
for males was age category II not the second smallest. Here the mea-
surement of the one age category VI specimen available fell between
I and II.
In Tatem leucogaster, age categories IV and V cannot be separated
on a statistically significant basis. Additionally, means of measure-
ments taken of age VI individuals fall within the range of those for IV
and V. Therefore, specimens from these age categories were consid-
ered "adults" and were pooled for subsequent analysis of secondary
sexual variation. The remaining three categories appear each to fall
into its own group. Age category III, however, shows a closer asso-
ciation with IV than with II, although it is clearly distinct from the
latter.
From the results of a mark-release study, where age was estimated
by comparing body weight at first capture with a known growth curve,
Davis (1966) was able to apply chronological age to his toothwear
classes in Tatem brantsi from a southwestern area of Johannesburg
(Republic of South Africa). If these same ages are comparable to our
proposed toothwear categories in Tatem leucogaster, individuals in
our age category I and II would be up to four months of age; III, five
to eight months of age; IV, nine to 18 months of age; V, 18 to 24
months of age; and VI, older than two years. Davis (1966) further
found that individuals assignable to his category III (corresponding to
our IV) were mature adults and in full breeding activity. This agrees
with our findings where individuals in our age category IV can at least
be considered "adult" in overall size and undoubtedly were repro-
ductively active.
Secondary Sexual Variation
Adult (age categories IV, V, and VI) males of Tatem leucogaster
were tested against adult females using a single classification ANOVA
to learn if the sexes were significantly different in the characters stud-
ied. The results of the analysis are shown in Table 2.
Females were significantly larger than males in one (depth of brain-
case) of 20 measurements tested. The means for females were larger
than those of males in 14 of the remaining measurements. The means
of four (zygomatic breadth, interorbital breadth, oblique length of bul-
la, length of posterior palatal foramen) were the same for the two
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Table 2.-Secondary sexual variation in ext ernal and cranial measurements of Tatera
leu cogaster from six localiti es in Botswana . Statistics given are sample size , mea n ,
two standard errors of the mean , range , coeffi cient of variation , Fsvalue , and critical
F-value . Mean s f or males and fe ma les that are significantly dif erent at the 5% level
are marked with an ast erisk , and those that are not significantly dif erent are marked ns ,
F,
Sex N Mean ce 2 SE Range CV F
Total length
Male 21 289.1 ± 5.32 266--3 IO 4.2 3.63
Female 36 295.3 ± 3.81 277-326 3.9 4.02 ns
Length of tail
Male 21 153.2 ± 3.32 140-164 5.0 1.75
Female 36 156.2 ± 2.81 140-174 5.4 4.02 ns
Length of hindfoot
Male 25 35.3 ± 0.51 33-3 8 3.6 1.40
Fem ale 41 35.0 ± 0.38 33-3 8 3.4 3.99 ns
Length of ear
Male 25 21.4 ± 0.43 20-24 5. 1 1.39
Fem ale 40 21.8 ± 0.40 19-25 5.8 4.00 ns
Great est length of skull
Male 16 38.2 ± 0.59 35.9-39.6 3.1 0.17
Fem ale 26 38.3 ± 0.51 36.0-41.2 3.4 4.08 ns
Condylobasal length.
Male 22 34.0 ± 0.40 31. 9-35.2 2.8 1.06
Female 28 34;3 ± 0.40 32.3-36.0 3.1 4.05 ns
Zygomatic breadth
Male 20 19.7 ± 0.39 17.5-20.8 4.4 0.28
Female 34 19.7 ± 0.19 18.8-20.6 2.8 4.03 ns
Breadth of braincase
Male 21 16.1 ± 0.16 15.4-16.8 2.3 1.45
Female 34 16.3 ± 0.12 15.3-17.0 2.2 4.03 ns
Int erorbital breadth
Male 29 6. 1 ± 0.09 5.6--6.6 4.0 0.01
Fem ale 44 6. 1 ± 0.08 5.4-6.9 4.2 3.99 ns
Length of nasals
Male 23 15.9 ± 0.33 14.3-17.1 4.9 0.72
Fem ale 38 16.0 ± 0.19 14.8-17.2 3.6 4.00 ns
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Table 2.-(Continued)
F,
Sex N Mean :t 2 SE Range CV F
Breadth of rostrum
Male 28 5.3 :':: 0. 10 4.8-5 .8 4.8 0.79
Female 42 5.4 :':: 0.06 5. 1-6.0 3.7 3.99 ns
Oblique length of bulla
Male 24 10.7 :':: 0.13 10.2- 11.2 2.9 0.04
Fe male 39 10.7:':: 0.10 10.G-11.3 2.9 4.00 ns
Greate st length of bulla
Male 17 13.5 :':: 0 .23 12.7-14.2 3.6 0.74
Female 29 13.6 :':: 0 .13 12.8-14 .2 2.6 4.06 ns
Length of maxillary toothrow
Male 22 6.2 :,:: 0 .10 5.7-6.6 3.7 3.48
Female 40 6.3 :!: 0.08 5.7-6.8 3.8 4.00 ns
Breadth across upper molar s
Male 23 7.9 ± 0.17 6.8-8.3 5.2 2.8 1
Female 40 8.0 ± 0.10 7.2-8.7 3.9 4.00 ns
Le ngth of anterior palatal foramen
Male 28 7. 1 ± 0.13 6.3-8.1 4.9 2.09
Female 43 7.2 ± 0.09 6.7-7.8 4. 1 3.99 ns
Length ofposterior palatal foramen
Male 25 1.6 ± 0.14 0.8-2.4 21.1 0.09
Female 38 1.6 ± 0.09 1.1-2.2 16.0 4.00 ns
Length of diaste ma
Male 27 9.5 ± 0.15 8.7-10.3 4.2 0.15
Female 44 9.6 ± 0.12 8.8-10.5 4.2 3.99 ns
Depth of braincase
Male 20 15.3 ± 0.22 14.4-16.2 3.2 9.75
Fem ale 30 15.7 ± 0.13 14.7- 16.4 2.3 4.05
L ength of mandibular toothrow
Male 27 5.9 ± 0.10 5.2-6.3 4.2 2.94
Female 40 6.0 ± 0.08 5.5-6.6 4.1 3.99 ns
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sexes. In only one character (length of hindfoot) did the mean for
males exceed that of the females.
Although female s average larger than males , the diffe rence is sig-
nificant in only one character. Based on the se results , specimens of
Tatem leucogaster from the study area were considered not to exhibit
secondary sexually dimorphism and morphometric data for males and
female s can be combined in analyses of geographic variation.
Indi vidual Variati on
Young animals (age categories I , II, and III) generally were more
variable than were adults (age categories IV, V, and VI) (Table 1).
In adults, relatively low individual variation was exhibited . With the
exception of length of posterior palatal foramen (CV: males , 21.1 ; fe-
males , 16.0), all characters studied had coefficients of variation of 5.8
or less (Table 2), well within the limits of tho se found for other small
rodents (Long, 1968, 1969). Although external measurements gene rally
have relativel y high individual variation , only length of tail and length
of ear had high coefficients of variation in the present study. The higher
coefficient of vari ation exhibited by external measurements usu ally are
explained by the fact that different collectors are involved in measuring
the specimens (Sumner, 1927). However, material examined for the
present study was collected , and external measurements were taken ,
by a relatively few workers from the African Mammal Project of the
U.S. National Museum of Natural History.
With the exception of length of posterior palatal foramen , all char-
acters (both external and cranial) studied exhib ited individual variation
within acceptable limits and can be used in future studies.
Specimens examined (288).- BoTSWANA: 15 mi N Nok aneng, 21(USNM), Nokaneng,
31 (USN M); 7 mi N Shakawe, 2 (USN M); Shakawe , 100(US NM); Sepopa , 122 (USNM);
Tsau , 12 (USN M).
G AZ ET T E ER
Nok aneng, 15 mi N
Nokaneng
Shakawe, 7 mi N
Shakawe
Sepopa
Tsau
19°25'S , 22°16'E
19°40'S , 22°16'E
18°I4'S , 2 J052'E
18°2I'S , 2J052'E
18°45'S , 22° l5' E
20°09'S, 22°27' E
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